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Abstract
Horˇava proposed a non-relativistic renormalizable theory of gravitation, which is reduced to
general relativity (GR) in large distances (infra-red regime (IR)). It is believed that this theory
is an ultra-violet (UV) completion for the classical theory of gravitation. In this paper, after a
brief review of some fundamental features of this theory, we investigate it for a static cylindrical
symmetric solution which describes Cosmic string as a special case. We have also investigated
some possible solutions, and have seen that how the classical GR field equations are modified for
generic potential V (g). In one case there is an algebraic constraint on the values of three coupling
constants. Finally as a pioneering work we deduce the most general cosmic string in this theory.
We explicitly show that how the coupling constants distort the mass parameter of cosmic string.
We deduce an explicit function for mass per unit length of the space-time as a function of the
coupling constants . We compare this function with another which Aryal et al59 have found in GR.
Also we calculate the self-force on a massive particle near Horˇava-Lifshitz straight string and we
give a typical order for the coupling constants g9. This order of magnitude proposes a cosmological
test for validity of this theory.
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I. INTRODUCTION
In Jaunary 2009, a power-counting renormalizable UV complete theory of gravity was
proposed by Horˇava1–3. Quantum gravity models based on an ”anisotropic scaling” of the
space and time dimensions have recently attracted significant attention4,5. In particular,
Horˇava -Lifschitz point gravity1 might be has desirable features, but in its original incar-
nation one is forced to accept a non-zero cosmological constant of the wrong sign to be
compatible with observation6. There are four different versions of this theory :with(or with-
out) projectability condition and with(or without) detailed balance. In first look it seems
that this non relativistic model for quantum gravity has a well defined IR limit and it reduces
to GR. But as it was first indicated by Mukohyama37 ,HL theory mimics GR plus Dark mat-
ter(a pressure less fluid).This theory has a scale invariant power spectrum which describes
inflation. This theory is strongly coupled and must be modified for escaping from an un-
physical extra mode.This time this theory has been improved. This theory is renormalizable
in the sense that the effective coupling constant in the UV is dimensionless. Cosmology in
Horˇava theory has been studied by several authors7–9. Homogeneous vacuum solutions in
this theory were got in10. The cosmological evolution in Horˇava gravity with scalar-field was
intensively studied, and the matter bounce scenario in Horˇava theory was investigated11.
Horˇava theory has at least two important properties. The first one is it’s UV renormalizabil-
ity, While the second one is most interesting in cosmology. The fact that the speed of light
diverges in the UV implies that exponential inflation is not necessary for solving the horizon
problem. Moreover, the short distance structure of perturbations in Horˇava- Lifshitz theory
is different from standard inflation in GR. Especially, in UV limit, the scalar field perturba-
tion is essentially scale-invariant and it is insensitive to the expansion rate of the universe, as
it has been addressed in6.In Horˇava theory time and space are treated in an unequal footing,
with four-dimensional general coordinations invariance emerges as an accidental symmetry
in large distance. In the present form of Horˇava-Lifshitz cosmology, one combines the afore-
mentioned modified gravitational background with a scalar field which reproduces (dark)
matter. Doing so we obtain a dark-matter universe, with the appearance of a cosmological
constant and an effective ”dark radiation” term. Although these terms are interesting cos-
mological artifacts of the novel features of Horˇava-Lifshitz gravitational background, they
restricted the possible scenarios of Horˇava-Lifshitz cosmology. Formulating Horˇava-Lifshitz
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cosmology in a way that an effective dark energy, with a varying equation-of-state parame-
ter, will emerge is discussed by Saridakis in12. Calcagni found vacuum solutions and argue
that bouncing solutions exist and avoid the big bang singularity9.84
The general renormalizable actions for the scalar field and gauge field are proposed in13.
They provide a possible explanation for the time delays in Gamma-Ray bursts due to the
modification of the dispersion relation . Also it has been shown that the Horˇava theory
for the completion of General Relativity at UV scales can be interpreted as a gauge fixed
Tensor-Vector theory, and it can be extended to an invariant theory under the full group of
four-dimensional diffeomorphisms14. Charmousis et al showed that Horˇava gravity suffers
from strong coupling problems, with and without detailed balance, and therefore it is un-
able to r/heproduce General Relativity in the IR15. Myung and Kim studied Horˇava-Lifshitz
black hole solutions and its thermodynamic properties16. Mukohyama presented a simple
scenario to generate almost scale-invariant, super-horizon curvature perturbations17. Also
Mukohyama and et al pointed out that the radiation energy density in the UV epoch is
proportional to a−6 and, thus,it decays faster than where in the IR epoch or in relativistic
theories. This leads to intriguing cosmological consequences such as enhancement of baryon
asymmetry and stochastic gravity waves. They might also discussed current observational
constrains on the dispersion relation18. Topological (charged) black holes Horˇava-Lifshitz
theory is discussed in19. There is a few exact solutions in Horˇava theory and it is a consider-
able problem to investigate our familiar GR objects in the context of this new theory. Some
exact solutions may be find it81. Azeyanagi et al present type IIB super gravity solutions
which are expected to be dual in comparison with certain Lifshitz-like fixed points with
anisotropic scale invariance45. Mann found a class of black hole solutions to a (3+1) dimen-
sional theory gravity coupled to abelian gauge fields with negative cosmological constant
that has been proposed as a dual theory to a Lifshitz theory describing critical phenom-
ena in (2+1) dimensions46. Ohta and collaborations discovered new solutions and discussed
their properties64. Orlando and Reffert studied the renormalization properties of HL gravity
beyond power counting arguments61. In fact, their results confirm its renormalizability by
certain conditions. They make use of the fact that (super) HL gravity can be taken to the
stochastic quantization of topologically massive gravity. This argument relies on the renor-
malizability of the latter, which thought is even not strictly proven and it is thought to be
hold62. Other readable and momentous papers listed in63.
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Wormhole solutions to Horˇava theory in vacuum are discussed in32.The black hole and
cosmological solutions for arbitrary cosmological constant was obtained33. One of the best
works on thermodynamics of Horˇava space times is the paper of Wang and Wu .They
studied thermodynamics of cosmological models in the Horˇava-Lifshitz theory of gravity,
and systematically investigated that the evolution of the universe filled with a perfect fluid
that has the equation of state p = wρ, where p and ρ denote, respectively, the pressure
and energy density of the fluid, and w is an arbitrary real constant34. Brane cosmology
in the Horˇava-Witten heterotic M-theory discussed by Wu, Gong and Wang in44. Too
Minamitsuji classified the cosmological evolutions35. The timelike geodesic motion in the
Horˇava-Lifshitz spacetime studied by Chen and Wang36. Dynamics of a component which
behaves like pressureless dust emerges as an integration constant of dynamical equations
investigated by Mukohyama37. Saridakis noted that Horˇava-Lifshitz cosmology with an
additional scalar field leads to an effective dark energy sector38.The properties of strong
field gravitational lensing in the deformed Horˇava-Lifshitz black hole studied by Chen and
Jing39. Too Yamamoto et.al studied the spectral tilt of primordial perturbations in Horˇava-
Lifshitz cosmology47.
But later, Blas et.al65 listed inconsistencies of the Horˇava-Lifshitz gravity as a complete
description of Quantum gravity. They addressed the consistency of Horˇava’s proposal for
the theory of quantum gravity from the low-energy perspective. A peculiarity of the new mode
is that it satisfies an equation of motion that is of first order in time derivatives. In linear
level this extra mode manifests only around spatially inhomogeneous and time-dependent
backgrounds. They found two serious problems associated with this mode. First,the mode
develops very fast exponential instabilities at short distances. Second, it becomes strongly
coupled at an extremely low cutoff scale. They also discussed the projectable version of
Horˇava’s proposal and argue that this version can be understood as a certain limit of the
ghost condensate model. The theory still problematic since the additional field generically
forms caustics and, again, has a very low strong coupling scale. Also they clarify some
subtleties that arise in the application of the Stuckelberg formalism to Horˇava’s model due
to it’s non-relativistic nature.
One of the most important topological objects is the cosmic string, discussed both in
f(R) gravity and scalar field theories by the author21–23. Our main purpose of this short
paper is the investigation of the special cylindrically symmetric spacetimes which describes
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the cosmic strings. Question that we want to answer is that” Why and when the specific
properties of the cosmic string defected by the new coupling constants in the new kind of
the non relativistic quantum gravity?”. In this work we show that the near axis limit for a
cosmic string in the HL theory has a quantum mechanical origin. it means that we have a
minimum mass scale for the cosmic strings, which enforced us that we must limited ourselves
only to the region of the space near the location of the string.
Also we derived the general force exerted by string to a test particle and by comparing the
results from the orbit motion around the string and comparing our calculations with the
known data, we present a new order magnitude for the coupling constants in this model
which roles as the lorentz breaking terms in the UV limit.
II. THE METRIC DUE TO AN INFINITE STRAIGHT STRING IN GR
The metric due to an infinite straight cosmic string in vacuum is in its distributional
form, arguably the simplest non-empty solution of the Einstein field equations. The weak-
field version (which is virtually identical to the full solution) was first derived by Vilenkin48.
The full metric was independently discovered by Gott49 and Hiscock50, who matched a
vacuum exterior solution to a simple interior solution containing fluid with the equation of
state
T tt = T
z
z = ǫ
( ǫ a constant) and then let the radius of the interior solution go to zero.The Gott ’s work
followed directly from a study of the gravitational field of point particles in 2+1 dimensions51.
A more general class of interior solutions was subsequently constructed by Linet52. The
Gott-Hiscock solution is constructed by first assuming a static, cylindrically-symmetric line
element with the general form:
ds2 = −e2χdt2 + e2ψ(dr2 + dz2) + e2ωdϕ2
where χ, ψ and ω are functions of ”r” alone, and ”r” and ϕ are standard polar coordinates
on R2 . The metric is generated by solving the non vacuum Einstein equations
Gµν = −8πT µν
5
The only constraints are that the ω should be positive and that the solution should be regular
on the axis r = 0, so that eω ∼ r for small ”r”s . Gott49 and Hiscock50 both assumed ǫ to
be a constant ǫ0.The more general situation where ǫ varies has been discussed by Linet
52.
The exterior metric is the solution of the vacuum Einstein equations
Gµν = 0
It was shown that the most general statics, cylindrical-symmetric vacuum line element is
which was first discovered by Tullio Levi-Civit‘a60,
ds2 = −r2mc2dt2 + r2m(m−1)b2(dz2 + dr2) + r2(1−m)a20dϕ2
It is always possible to set b and c to 1 by suitable rescaling t, z and r , but for present
purposes it is more convenient to retain them as arbitrary integration constants. The interior
and exterior solutions can be matched at any nominated value r0 for r in the interior solution.
It was shown that43
a = 1− 4η
by noting that the total mass per unit length η on each surface for constant t and z in the
interior solution, it is possible to endow the interior solution with an equation of state more
general than that considered by Gott, Hiscock and Linet49,50,52 while preserving the form of
the exterior metric. The mass per unit length in the interior solution is then typical not
equal to the metric parameter 1
4
(1− a).
III. REVIEW OF HOrˇAVA-LIFSHITZ GRAVITY WITH DETAILED BALANCE
CONDITION
Following from the ADM decomposition of the metric32 , and the Einstein equations, the
fundamental objects of interest are the fields N(t, x), Ni(t, x), gij(t, x) corresponding to the
lapse , shift and spatial metric of the ADM decomposition. In the (3+1)-dimensional ADM
formalism, where the metric can be written as
ds2 = −N2dt2 + gij(dxi +N idt)(dxj +N jdt) (1)
and for a spacelike hyper surface with a fixed time, its extrinsic curvature Kij is
6
Kij =
1
2N
( ˙gij −∇iNj −∇jNi)
where a dot denotes a derivative with respect to ”t” and covariant derivatives defined with
respect to the spatial metric gij , the action of Horˇava-Lifshitz theory for z = 3 is
S =
∫
M
dtd3x
√
gN(LK −LV ) (2)
we define the space-covariant derivative on a covector vi as ∇ivj ≡ ∂ivj − Γlijvl where Γlij is
the spatial Christoffel symbol . The g is the determinant of the 3-metric and N = N(t) is a
dimensionless homogeneous gauge field. The kinetic term is
LK = 2
κ2
OK = 2
κ2
(KijK
ij − λK2)
Here Ni is a gauge field with scaling dimension [Ni] = z − 1.
The ’potential’ term LV of the (3 + 1)-dimensional theory is determined by the principle of
detailed balance3, requiring LV to follow, in a precise way, from the gradient flow generated
by a 3-dimensional action Wg. This principle was applied to gravitation with the result that
the number of possible terms in LV are drastically reduced with respect to the broad choice
available in an ’potential is
LV = α6CijC ij − α5ǫijl Rim∇jRml + α4[RijRij −
4λ− 1
4(3λ− 1)R
2] + α2(R− 3ΛW ) (3)
Where in it Cij is the Cotton tensor
3 which is defined as,
C ij = ǫkl(i∇kRj)l
The kinetic term could be rewrite in terms of the de Witt metric as:
LK = 2
κ2
KijG
ijklKkl
Where we have introduced the de Witt metric
Gijkl =
1
2
(gikgjl + gilgjk)− λgijgkl
The inverse of this metric is given by
Gijkl =
1
2
(gikgjl + gilgjk)− λ˜gijgkl
λ˜ =
λ
3λ− 1
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Inspired by methods which are used in quantum critical systems and non equilibrium critical
phenomena, Horˇava restricts the large class of possible potentials using the principle of
detailed balance outlined above. This requires that the potential (3) takes the form
LV = κ
2
8
EijGijklE
kl
Note that by constructing Eij as a functional derivative it automatically transverse within
the foliation slice, ∇iEij = 0. The equations of motion were obtained in7.
IV. ABOUT THE INCONSISTENCY OF HORˇAVA GRAVITY
The action in the ADM formalism contains only first order time derivatives, which al-
lows to circumvent the problems with the ghosts appearing in covariant higher order gravity
theories66. The higher derivative terms naively become irrelevant in the infrared and Horˇava
was argued that the theory reduces to GR at large distances. However as Blas et al showed,
the consistency of the above proposal is far from being clear. The main concern comes from
the fact that the introduction of a preferred foliation explicitly breaks the gauge group of
GR down to the group of space-time diffeomorphisms preserving this foliation. As already
pointed out by Horˇava, this breaking is expected to introduce extra degrees of freedom com-
pared to GR. The new degrees of freedom can be persisted down to the infrared and be leaded
to various pathologies (instabilities, strong coupling) that may invalidate the theory.85.There
have been several controversial claims about the properties of the extra freedom degrees.
In67 the new mode was identified among the perturbations around a static spatially homoge-
neous background in the presence of matter. The mode was argued to be strongly coupled to
matter in the limit when the theory is expected to approach GR, making it hard to believe
that a GR limit exists. It is worth noting that the mode found in68 is not propagating: it’s
equation of motion does not contain time derivatives68. Thus it remains unclear from this
analysis whether this mode corresponds to a real degree of freedom or can be integrated out
as unphysical. The observation that the extra mode is non-propagating was generalized in69
to the case of cosmological backgrounds. The interpretation of this result given in69 is that
actually the Horˇava gravity is free from additional freedom degrees. Also it was claimed
that the strong coupling is alleviated by the expansion of the Universe. Finally, the non-
linear Hamiltonian analysis performed in70 shows that the phase space of Horˇava gravity
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is 5-dimensional. This result is puzzling: a normal degree of freedom corresponds to a 2-
dimensional phase space; so the result of70 suggests that the number of degrees of freedom
in Horˇava gravity is two and a half. Two of these freedom degrees are naturally identified
with the two helicities of graviton. But the physical meaning of the extra ”halfmode” is
obscure.
Blas et al. showed that Horˇava gravity does possess an additional light scalar mode. For a
general background the equation of motion for this mode contains time derivatives implying
that the mode is propagating. The peculiarity of Horˇava gravity is that the equation for the
extra mode is first order in time derivatives. The solution still corresponds to waves with
a background dependent dispersion relation and is fixed once a single function of spatial
coordinations is determined as the initial condition in the Cauchy problem. This explains
why this mode corresponds to a single direction in the phase space. Next we address the
consistency of the Horˇava proposal by study the infrared properties of the extra mode. We
find that its dynamics exhibits a number of bad features. First, the mode becomes singular
for static or spatial homogeneous backgrounds. Namely, the mode frequency diverges in
that limit. This explains why this mode has been overlooked in the previous analysis of per-
turbations in Horˇava gravity . Second, for certain (background-dependent) values of spatial
momentum the mode becomes unstable. Again, the rate of the instability diverges if one
takes the static / spatially homogeneous limit for the background metric. Third, they show
that at energies above the certain scale the extra mode is strongly coupled to itself, and not
only to matter. Also they found that the strong coupling scale is background dependent and
goes to zero for flat / cosmological backgrounds. Hence, the model suffers from a much more
severe strong coupling problem than pointed out in , where the dependence of the strong
coupling scale on the background curvature was ignored. Because of the strong coupling the
Horˇava model can be trusted only in a narrow window of very small energies, way below the
Planck scale. This implies that the Horˇava model cannot be considered as consistent theory
of quantum gravity.
Later Charmousis et al.68 showed that Horˇava gravity suffers from strong coupling problems,
with and without detailed balance, and is therefore unable to reproduce General Relativity
in the infra-red. They considered the perturbative theory about the vacuum, yielding two
important results. The first considered the role of detailed balance in these models. As the
breaking terms go zero, They find that the linerized gravitational Hamiltonian constraint
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vanishes off -shell.86. By comparing field equations to their counterparts in General Rela-
tivity, Charmousis et al showed that the ”emergent” Planck length actually diverges in the
limit of detailed balance, in contrast to the original claims of Horˇava. This strong coupling
behavior means that the theory with detailed balance does not have aany sort of perturba-
tive infra-red limit , explaining the results of Lu et al.10.Indeed, from the point of view of
spherical symmetric solutions one sees that the putative higher order terms in the IR are just
as important as the ”lower” order terms. In summary, with detailed balance, one can never
hope to recover GR in the infra-red for the following reason: General Relativity admits an
effective linearised description beyond the Schwarzschild radius of a source, but in Horˇava
gravity with detailed balance, strong coupling prevents an effective linearized description on
any scale.Further discussions may be found it80.
V. THERMODYNAMICS AND DARK ENERGY IN HORAVA GRAVITY
If we assume that the cosmological scenario of a universe governed by Horava-Lifshitz
gravity, it is a natural problem to an investigation of its thermodynamic properties, and
in particular of the generalized second thermodynamic law. The validity of the generalized
second law of thermodynamics in a universe governed by Horava-Lifshitz gravity has been
discussed by Jamil et al in82. They calculated the entropy time-variation for the matter
fluid and, using the modified entropy relation, that of the apparent horizon itself and found
that under detailed balance the generalized second law was generally valid for flat and
closed geometry and it was conditionally valid for an open universe, while beyond detailed
balance it was only conditionally valid for all curvatures. They followed the exact and robust
approach, that is they used the modified entropy relation as it has been calculated in the
specific context of Horava-Lifshitz gravity. Under the equilibrium assumption between the
universe interior and the horizon, which is expected to ba valid at late cosmological times,
they found that the generalized second law is only conditionally valid. The possible violation
of the generalized second thermodynamical law in Horava-Lifshitz cosmology could lead to
various conclusions. Further the dark energy was discussed by setare et al20. They nicely
investigated the holographic dark energy scenario with a varying gravitational constant in a
flat background in the context of Horrava-Lifshitz gravity and immediately, extracted and
determined the evolution of the dark energy density parameter. Also they discussed some
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non trivial cosmological implications of this holographic model. Also they evaluated the
dark energy equation of state for low redshifts even when the model contains a time varying
gravitational constant.
VI. EXACT SOLUTIONS
Considering the non-static, cylindrically symmetric solutions with the metric ansatz
ds2 = −N(t)2dt2 + 1
N(t)2
[dr2 + Φ(r)2dz2 +Ψ(r)2dϕ2] (4)
For simplicity we decompose the spatial metric as a conformal by another diagonal simple
form:
gijdx
idxj =
1
N(t)2
γijdx
idxj
γij = diag(1,Φ(r)
2,Ψ(r)2) (5)
This may or may not represent a cosmic string, and it may have singularities and/or event
horizons.
In synchronous time t , the Cylindrical ADM metric has Ni = 0 , where Φ(r),Ψ(r)
are the usual Weyl metric functions. Too in GR and only for vacuum solutions the metric
function Ψ(r) = r and in another cases is determined from a quadrature on another metric
functions Φ(r)26. There is another general choose for metric form but since in this paper
our main goal is to investigate static cosmic strings in analogous for usual GR samples, we
limited ourselves to this simple but applicable gauge. On this background,
Kij = − N˙
N4
γij (6)
K = Kii = −3
N˙
N2
(7)
KijK
ij = 3(
N˙
N2
)2 (8)
Following Sotiriou and et al24 we use from a general full classical action ,
S =
∫
[T (K)− V (g)]√gNd3xdt (9)
Where
T (K) = gK(K
ijKij −K2) + ξK2 (10)
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This is the general kinetic term corresponds to the limit ξ → 0. Since the kinetic action is
(by definition) chosen to be dimensionless, we have set the critical exponent z = 3 to make
gK dimensionless, then provided gK is positive one can without loss of generality rescale the
time and /or space coordinates to set gK → 1. Now consider the following form for potential
term:
V (g) = g0ζ
6 + g1ζ
4R + g2ζ
2R2 + g3ζ
2RijR
ij + (11)
g4R
3 + g5R(RijR
ij) + g6R
i
jR
j
kR
k
i + g7R∇2R + g8∇iRjk∇iRjk
As in25 was stated, suitable factors of ζ are introduced to ensure the coupling ga are all
dimensionless. Without loss of generality we can rescale the time and space coordinations
to set both of the gK → 1 and g1 → −1.From normalization of the Einstein−Hilbert term,
we see that in physical units c→ 1
(16πGNewton)
−1 = ζ2
Λ =
g0ζ
2
2
so that ζ is identified as the Planck scale. The cosmological constant is determined by the
free parameter g0, and obviously g0 ∼ 10−123. In particular, the way Sotiriou had set this up
, now we are free to choose the Newton constant and cosmological constant independently
(and so to be compatible with observation). In contrast, in the original model presented in3,
a non-zero Newton constant requires a non-zero cosmological constant, of the wrong sign to
be compatible with cosmological observations7,31.
For a special choose of our metric (4) the Ricci scalar and non-vanishing components of
Ricci Tensor are :
R11 =
Φ′′
Φ
+
Ψ′′
Ψ
(12)
R22 = Φ
2(
Φ′′
Φ
+
Φ′
Φ
Ψ′
Ψ
)
R33 = Ψ
2(
Ψ′′
Ψ
+
Φ′
Φ
Ψ′
Ψ
)
R = 2N(t)2(
Φ′′
Φ
+
Ψ′′
Ψ
+
Φ′
Φ
Ψ′
Ψ
) (13)
Here, a prime denotes a derivative with respect to r.By substituting (6,7,8) in (10) and
(12,13) in (11) and all in (9) we obtain the following form of action:
S =
∫
dtd3xN3ΦΨ[3(3ξ − 2)( N˙
N2
)2 − f(R)− (g3ζ2 + g5R)H − g6W − g7B − g8Y ] ≡
∫
dtd3xΞ(14)
12
Where in it,
(15)
f(R) = g0ζ
6 − ζ4R + g2ζ2R2 + g4R3
H = RijR
ij = N4[(
Φ′′
Φ
+
Ψ′′
Ψ
)2 + (
Φ′′
Φ
+
Φ′
Φ
Ψ′
Ψ
)2 + (
Ψ′′
Ψ
+
Φ′
Φ
Ψ′
Ψ
)2]
W = RijR
j
kR
k
i = N
6[(
Φ′′
Φ
+
Ψ′′
Ψ
)3 + (
Φ′′
Φ
+
Φ′
Φ
Ψ′
Ψ
)3 + (
Ψ′′
Ψ
+
Φ′
Φ
Ψ′
Ψ
)3]
B = R∇2R = 4N4(Φ
′′
Φ
+
Ψ′′
Ψ
+
Φ′
Φ
Ψ′
Ψ
)(
Φ′
Φ
R′ +
Ψ′
Ψ
R′ +R′′)
Y = ∇iRjk∇iRjk = N6[((Φ
′′
Φ
+
Ψ′′
Ψ
)′)2 + [(Φ2(
Φ′′
Φ
+
Φ′
Φ
Ψ′
Ψ
))′(
1
Φ2
(
Φ′′
Φ
+
Φ′
Φ
Ψ′
Ψ
))′] + [Φ→ Ψ]]
The extreme functions are the solutions of the Euler-Lagrange equations that are obtained
by setting the all variational derivatives of the functional with respect to each function X ≡
(Φ(r),Ψ(r), N(t))equal to zero. The Ritz variational principle affords a powerful technique
for the approximate solution of (9).The result is an upper bound on the corresponding
eigenvalue and optimal values for the parameters of (9)87. Variational Bound can also be
used to extremize general functional given appropriate trial functions. We remind that if we
consider a system with the Lagrangian with linear terms of curvature R we must recover the
GR solutions i.e, a non static cylindrical solution with cosmological constant. However It is
proper , if we make an analytic continuation of Coordinations r, t , namely, we obtain the
Tian solution27 in a special coordinations or a non static solution which is pure radiation
field generated from a flat space-time and has a Weyl tensor of type N .The metric of this
space-time is described by the Rao line element28,
ds2 = ek(t−r)(dr2 − dt2) + r2dϕ2 + dz2 (16)
This is a special case of non static Weyl gauges which we used in witting (4). For this metrics
with null vector fields it was shown that29 in our notations Ψ(r) = r. The equations of motion
due to the variation of metric functions are more complicated and we do not present them
here. As a simple but physically important case we seeking only those solutions which can
be described the cosmic strings . We choose a very restricted gauge as,
Φ(r) = 1, N(t) = const (17)
In GR these constraints leads to a static cosmic strings and also in metric f(R) gravity22,23.
The resulting metric with new parameters (ζ, g0...g8) may be so interesting. In order to
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obtain the solution, let us substitute the metric ansatz (4) with constraints (17) into the
action, and then vary the function Ψ(r).The same process was done in spherical symmetry
in16 This is possible because the metric ansatz shows all the allowed singlets which are
compatible with the SO(3) action on the S2 ×R. The resulting reduced Lagrangian, up to
an overall scaling constant, is given by
L0 = Ψ(r)[−f0 − (g3ζ2 + g5R0)H0 − g6W0 − g7B0 − g8Y0] (18)
Where
R0 = 2
Ψ′′
Ψ
f0 = f(R0)
H0 =
1
2
R20
W0 =
1
4
R30
B0 = 2R0(R
′
0
Ψ′
Ψ
+R′′0)
Y0 = R
′2
0 + (Ψ
2R0)
′(
R0
Ψ2
)′
The functional (14) with reduced Lagrangian (18) is in the form,
S = (t2 − t1)
∫
d3Π(Ψ,Ψ′, ...,Ψ6) (19)
Where
Ψa =
daΨ
dra
By using a general variational principle applied to this higher order function[25]we can write
all equations of motion for metric function Ψ,
dL0
dΨ
+
6∑
a=1
(−1)a d
a
dra
[
∂L0
∂Ψa
] = 0 (20)
Because the equation of motion contain up to eight derivative terms, it is difficult to find
the exact solutions. In order to understand the behavior of solutions in Horˇava gravity we
try to solve the equations of motion in a special case. By our inspirations from GR we
know that a cosmic string has a linear functionality as Ψ = ar + b. The constant b may be
turned to zero by changing scales along the t and z axes and choosing the zero point of the
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r coordinate.Since our model essentially is not GR, we expected that an adhoc assumption
for metric function as
Ψ = (Ar +B)m (21)
For a general value of A,m,B the solution to the equations of motion is consistent only with
the following cases. Considering m as a real parameter, one must note that for m = 1, B =
0, A2 = 1 − 4η(η mass per length of string) we have a cosmic string. By considering this
constraint we find the field equation (20) with solution (21) is satisfied identically.
a: Solutions with g8 = 0, g7 = 0, B = 0
In this case by substituting (21) in field equation (20) we obtain
mi = −3, 4, i = 1, 2
Consequently we can set B = 0 in metric function (21).Thus the most general solution for
(4) is one of the two possible functions
Ψ(r) = (Ar)mi (22)
Thus,
ds2 = −dt2 + dr2 + dz2 + (Ar)2midϕ2 (23)
In this case there is an arbitrarily in choosing another coupling coefficients (g2...g6).The
Ricci scalar is given by
R = 2
mi (mi − 1)
r2
(24)
The solution has a curvature singularity at r = 0 for general mi 6= 0, 1. The only non zero
component of the Riemann Tensor is:
Rrzrz =
(Ar)2mm (m− 1)
r2
The a singularity structure of the solution (23) is apparent from its Kretschmann scalar:
R =
(Ar)4mm2 (m− 1)2
r4
then the Kretschmann scalar has a naked singularity at r = 0. In GR, the cosmological
horizon(s) for cylindrically symmetric spacetimes is discussed in detail by Wang83.
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b: Solutions with g8 = 0, g7 = 0, g2 = 0, B 6= 0
In this case as the previous section, substituting a general form of (21) in (20) leads to
the similar values for m . It is particular interest to investigate the m = −3 solution, in
which case, the coupling coefficients (g3...g6) constrained to g6 = 2g5 + 4g4. This is one of
the good results of this paper.We obtained a restriction on some constants of the model.In
this case the general solution can be written as
ds2 = −dt2 + dr2 + dz2 + (Ar +B)2midϕ2 (25)
The solution has a curvature singularity at r = −B
A
for general B < 0.We mention here
that the cases m = 0, 1 is satisfied field equations without any limitation. Specially the
case m = 1 is so interesting. Since it represents the usual familiar line element of a static
cosmic string. In this case there is an arbitrarily in choosing another coupling coefficients
(g2...g6).The Ricci scalar is given by
R = 2A2
mi(mi − 1)
(Ar +B)2
(26)
The solution has a curvature singularity at r = −B
A
for general mi 6= 0, 1. The only non zero
component of the Riemann Tensor is:
Rrzrz = m (m− 1) (Ar +B)2m−2A2
The a singularity structure of the solution (25) is apparent from its Kretschmann scalar:
R = (m (m− 1))2 (Ar +B)4m−4A4
then the Kretschmann scalar has a naked singularity at r = −B
A
.
c:Solutions with g8 = 0, g7 = 0, g4 +
1
2g5 +
1
4g6 = 0, g2 +
1
2g3 = 0
The Lagrangian (18) in this case has only three independent coupling constants and
reduces to the following form:
L0 = ζ
4(−g0Ψ+ 2ζ2Ψ′′) (27)
the field equation (20) will be
g0 = 0 (28)
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This term has a significant physical meaning. If we refer to the previous relations between
parameters of model we observe that if this condition holds, the cosmological constant must
be vanished. Thus this model describes a non classical (for appearance a second order
derivatives of matter field in action) system with no potential term. Indded the action (19)
may be integrated to obtain:
S = 4ζ6π(t2 − t1)l
∫
drΨ′′r2 (29)
Where in it we assumed that the cylindrical coordinations z is bounded in interval (0, l).If
we carry out a part by part integration on the radial part of this integral and by assumption
that our Potential function ψ may be bounded and posses suitable boundary conditions(a
well posses function) entirely away from the origin of radial coordinations r = 0 to infinity,
Note that the action (28) can be written as
S = 8ζ6π(t2 − t1)l
∫
drΨr +B
where B is a surface term, which must be chosen so that the action has an extreme under
variations of the fields with appropriate boundary conditions. One demands that the fields
approach the classical solutions at infinity. Varying the action ,we find the boundary term
δB = −(t2 − t1)N0δM
The boundary term B is the conserved charge associated to the improper gauge transforma-
tions produced by time evolution.Here M and N0 are conjugate pairs. Therefore when one
varies M , N0 must be fixed. Thus the boundary term should be in the form
B = −(t2 − t1)N0M +B0
where B0 is an arbitrary constant, which should be fixed by some physical considerations;
for example, in topological black hole case with arbitrary constant scalar curvature horizon.
Mass vanishes when black hole’s horizon goes to zero19. For details, see41. We will not go
further in detail. The dynamics of the metric function in this case is not determined without
more mathematical features of variational calculus which is found in any textbook in this
field as which is discussed in25.
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VII. THE REAL COSMIC STRING
Now let we impose the next constraints,
g8 = 0, g7 = 0, g4 +
1
2
g5 +
1
4
g6 = 0, g2 +
1
2
g3 6= 0 (30)
From the action, we can obtain the equation of motion as
− g0ζ6 + 2g9R− 6g9d
2R2
dr2
= 0 (31)
where R = 2Ψ
′′
Ψ
is the Ricci scalar. The function R(r) can be obtained as
R(r) = β +
1
C2
sn(Ar,D)2 (32)
Where the Jacobi elliptic functions sn is in turn defined in terms of the amplitude function
JacobiAM 40
sn(z, k) ≡ JacobiSN(z, k) = sin(JacobiAM(z, k))
and
φ = JacobiAM(
∫ φ
0
dφ
(1− k2 sin(θ)2)1/2 , k), φ ∈ (−3/2, 3/2)
Where in (31)
C = ξeiθ = 0.19 + 0.73i (33)
D = ηeiρ = 0.86 + 0.50i (34)
A = ±
√
β
15
1
2ξ
eiθ (35)
β3 =
15
2
α (36)
α =
g0ζ
6
6g9
, g9 = g4 +
1
2
g5 +
1
4
g6 (37)
As in [23]is proved that the ζ =Mpl, g0 =
2Λ
M2
pl
.for metric(4) with (17) the Ricci scalar is
R(r) = 2
Ψ′′
Ψ
(38)
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The general solution for (37) with (31) is so complicated. Instead of doing that, we
focused ourselves only to the near axis r ≈ 0 behavior of (31). It is adequate to define a
very important physical radial scale
r0 =
5.670
Mpl
(
g9
g0
)
1
6 (39)
With this length scale the meaning of near axis limit is thinkable as the following
expression
r << r0 (40)
Not that in this limit we do not tend to the origin. In this good reasonable physical
approximation the differential equation (37) (albeit after expansion by series (31) in terms
of r
r0
) can be solved easily. The solution is written in terms of Whittaker functions M,W 40,
Ψ(r) =
1√
r
[(c1WhittakerM(−βr0
4
√
2,
1
4
,
√
2
r2
r0
) + c2WhittakerW (−βr0
4
√
2,
1
4
,
√
2
r2
r0
)](41)
once again we impose the near axis limit on (40).The result up to order one is
simple88
Ψ(r) = ar + b (42)
a ≡ (
√
2
r0
)3/4(c1 − 2
√
πc2
Γ(1
4
+ βr0
√
2
4
)
) (43)
b ≡
√
π(
√
2
r0
)1/4c2
Γ(3
4
+ βr0
√
2
4
)
(44)
Again, c1, c2 are integration constants and c2 could be set to zero. Similar to the case of
GR, we find the metric of a cosmic string
ds2 = −dt2 + dr2 + dz2 + (ar)2dϕ2 (45)
The metric (44) is locally flat and can be brought to a Minkowski form in any region not
surrounding the string. This implies that the presence of the string has no effect on physical
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process in such a region. In particular, a test particle which is initially at rest relative to
the string will remain at rest and will not experience any gravitational force. Although the
space around the string is locally fiat its global structure is different from that of Euclidean
space.
The parameter a in (44) can be expressed in terms of mass per unit length of spacetime
η42,43,
a = 1− 4η (46)
The mass per unit length of spacetime η is found to be
η = 0.25− 0.54109c1(Mpl)
1
2 (
Λ
g4 +
1
2
g5 +
1
4
g6
)
1
8 (47)
Clearly η < 0.25 is for all positive values of c1. Now we compare this function with another
one which was found by Aryal et al59 . They constructed a solution which describes two
Schwarzschild black holes held apart by a system of cosmic strings, by generalizing a solution,
due to Bach and Weyl. Their metric is vacuum at all points away from the axis r = 0 and
describes two black holes with masses m1 and m2 located on the z axis , and so separated
by a z-coordination distance 2d. The black holes are held in place by conical singularities
along the different axial segments. The effective mass per unit length η of any of the conical
segments depends only on the limitation of the value of the metric function on the axis. For
all positive values of m1,m2 and d, In the original Bach-Weyl solution the mass per unit
length ηext of the exterior segments was assumed to be zero and This forces ηint < 0 and
the interior Bach-Weyl segment are normally characterized as a ’strut’ rather than a string.
However in (46), all segments will have non-negative masses per unit length if
c1 > 0.46203(Mpl)
− 1
2 (
Λ
g4 +
1
2
g5 +
1
4
g6
)−
1
8
In the particular case
c1 = 0.46203(Mpl)
− 1
2 (
Λ
g4 +
1
2
g5 +
1
4
g6
)−
1
8
the interior segment vanishes.
It should be also noted that the parameter η appearing in this derivation plays two
essential independent roles:
one as a measurement of the strength of the gravitational field in the exterior metric and a
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second one as the integrated mass per unit length of the interior solution .In GR it is possible
to endow the interior solution with an equation of state more general than that considered
by Gott, Hiscock and Linet49,50,52 while we preserve the form of the exterior metric, The
mass per unit length in the interior solution is not typically equal to the metric parameter
1
4
(1 − a). For this reason the symbol η reflects a geometric property of the exterior metric
which only will be referred as the gravitational mass per unit length of the spacetime.
The metric (44) with (45,46) describes Minkowski spacetime with a wedge of angular
extent that ∆ϕ = 8πη has removed from each of the constant surfaces t and z. The apex
of each wedge lies on the axial plane r = 0, and the sides of the wedge are glued together
by forming what is sometimes referred as conical spacetime .The fact that the metric (44)
is locally Minkowskian implies that the Riemann tensor is zero everywhere outside the axial
plane, and therefore when a test particle moving through the metric would experience no
tidal forces. In particular, such a particle would not be accelerated towards the string. There-
for a local observer should be unable to distinguish a preferred velocity in the z-direction;
where any gravitational force in the radial direction would destroy this symmetry. When
it is combined with the other symmetries of the metric, this property forbids gravitational
acceleration in any direction. Incidentally, Mark Hindmarsh and Andrew Wray53 shown,
by detailed analysis of the geodesics in a general Levi-Civita spacetime , that gravitational
lensing with a well-defined angular separation between the images is possibly only in the
specialized string case m = 0. When Λ = 0, η goes back to 0.25, the effect of higher deriva-
tive terms disappears. As one want, General Relativity is not recovered because the extra
freedom degrees which are presented in the full theory all are not decouple. On the contrary,
one of those freedom degrees becomes strongly coupled, and one recovers General Relativity
with an additional strongly coupled scalar. It is difficult to see how this would correspond
to a better choice since we move away from testable regions of GR. Therefore, evidence of
this mass function absent in classical local tests of general relativity which it’s implement
may be weak and moving slowly sources.In Horˇava gravity we have seen that we have no
reliable linearized theory to work with due to strong coupling of an extra scalar degree of
freedom. Even if it was tractable, it seems unlikely that a non-linear analysis could recover
the successes of the General Relativity for cosmic strings in this case.One can then easily
be seen that three of the coupling constants gi, i = 4, 5, 6 cannot be set to zero. Thus, in
general, there are cases where what appears should be violation of a symmetry is just a new
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choice of mass function for cosmic string. The same happens with Horˇava theory. It looks
that it violates four-dimensional covariance but this is just because it is written in a specific
gauge, specified by the ADM frame, which can be used just because of the four-dimensional
covariance of the theory (and the corresponding constraints).
VIII. ABOUT THE EXISTENCE OF NON-STATIC CYLINDRICAL SOLUTIONS
The cylindrical symmetric strings are not the single class of cosmic strings. As was shown
by several authors ,in GR there are both local and global non static cosmic strings in the
context of Lyra geometry72, static and non-static plane symmetric cosmic strings in Lyra
manifold73, non static self gravitating fluids74 and non static cylindrical vacuum solutions75.
Lyra72 proposed a modification of Riemannian geometry by introducing a gauge function in
to the structure less manifold, as a result of which the cosmological constant arises naturally
from the geometry. Several authors have studied cosmological models based on this manifold
with a constant gauge vector in the time direction. Non-static plane symmetric cosmic string
model is quite similar to the non-static plane symmetric Zeldovich model p = ρ obtained
by Reddy and Innaiah76 and Reddy77 in general relativity. This model reduces to empty
space-time discussed by Bera78 in general relativity. In Lyra geometry there is a global
string , the energy momentum tensor components are calculated from the action density for
a complex scalar field ψ along with a typical potential. But finding these classes of solutions
in Horava gravity are most complicated and we can not present them here. But as good
problems for further considerations we can treat them in future plan.
IX. THE SELF-FORCE ON A MASSIVE PARTICLE NEAR A HOrˇAVA-
LIFSHITZ STRAIGHT STRING
Observational constraints in HL theory have been discussed by several authors79.In the
last sections we examine some possible constraints on the parameters by calculating the
self force in the field of a cosmic string which was obtained in the previous section. In
GR we know that a charged particle at rest in the spacetime experiences a repulsive self-
force54, while fluctuations of the quantum vacuum near a straight string have a non-zero
stress-energy tensor and can induce a range of interesting effects55–57. In the weak-field
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approximation, the gravitational field due to a particle of mass ”m” at rest at a distance
”a” from a straight string is the most convenient which is calculated by transforming to the
Minkowski form (44) of the metric and for fixing the coordinations so that the particle lies
at z = 0 and ϕ = ϕ0 = π(1 − 4η).Now we want to generate a meaningful expression for
the self-force on the particle. The formula for the gravitational self-force was first derived
by Dmitri Gal’tsov in58, although the electrostatic case, which is formally identical, was
analyzed by Bernard Linet four years earlier54. by following Gal’tsov, it is instructive to
write the self-force in the form
−→
F = −Gm
2η
a2
f(η)rˆ (48)
where
f(η) =
1
4πη
∫ ∞
0
[
sinh(πu/ϕ0)π/ϕ0
cosh(πu/ϕ0)− 1
− sinh(u)
cosh(u)− 1]
du
sinh(u
2
)
(49)
X. THE VALUE OF THE COUPLING CONSTANTS g4, g5, g6 OBTAINED FROM
ANALYSIS OF BOUND CIRCULAR ORBITS
In GR, the fact that the self-force
−→
F is central has given rise to the common misapprehen-
sion that bound circular orbits exist for massive particles in the neighborhood of a straight
cosmic string. It is true that if (47) should be continue to hold for a moving particle, then
circular orbits would exist with the standard Newtonian dependence of the orbital speed
vcirc =
√
Gmηf(η)
a
(50)
Thus, for example43, a body with m = 7× 1022 kg (roughly equal to the mass of the Moon)
could orbit a GUT string with η = 10−6 at a distance a = 4× 108 m (the mean Earth-Moon
distance) if vcirc ≈ 0.1ms−1 , which is about 1/10000 th of the Moon’s actual orbital speed
around the Earth. Substituting this approximated value of η in (46) we obtain
g9 ≈ 481.55927(c21Mpl)4Λ (51)
Remember that c1 is fixed by invoke quantum theory of gravity. The relation (50) is funda-
mentally important. It is related between quantum gravity and the cosmological observa-
tions.
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XI. CONCLUSION
In conclusion, we found cylindrical symmetric solutions with arbitrary scalar curvature
in Horˇava-Lifshitz theory,by generalizing the static cylindrical symmetric solutions in GR
,.We found that there exists solutions only in special choose of the coupling constants .One
of the solutions has a near axis behavior as cosmic string. For this solution we can define
a finite mass per unit length spacetime .Such an explicit term occurs in the occasion of
considering quantum corrections to cosmic string line element.In our mass per unit length
expression, there is a undetermined constant c1. To fix the constant c1, one has to invoke
quantum theory of gravity. The self-force on a massive particle near a Horˇava-Lifshitz
straight string is re calculated.By analyzing bound circular orbits we derived a new value
for the coupling constants of Horˇava theory which seems that there is a new observational
method for estimating the validity of the Horˇava model in the context of cosmology.
XII. ACKNOWLEDGEMENT
D.Momeni thanks the editor of IJTP, Professor Heinrich Saller and the anonymous refer-
ees made excellent observations and suggestions which resulted in substantial improvements
of the presentation and the results. Also the author thanks AnzhongWang , Jared Greenwald
(Baylor-USA),Antonios Papazoglou(University of Portsmouth),Sourish Dutta(Vanderbilt
University), Domenico Orlando(IPMU-Japan),Lorenzo Iorio(Istituto Nazionale di Fisica
Nucleare (INFN)-Italy), Miao Li , Yi Pang(ITP-China), M.R. Setare(Department of
Science,Bijar, Iran),E.N. Saridakis(University of Athens), and Nobuyoshi Ohta(Kinki
University-Japan) for useful comments and valuable suggestions.The author would like to
thank Shahram Khosravi (Tarbiat Moa’llem University, Tehran) for kind hospitality and
support. This work is supported by Tarbiat Moa’llem University, Tehran.
∗ Electronic address: d.momeni@yahoo.com
1 P. Horˇava, Membranes at Quantum Criticality, JHEP 0903:020,2009 [arXiv:0812.4287 [hep-th]].
2 P. Horˇava, Quantum Criticality and Yang-Mills Gauge Theory, arXiv:0811.2217 [hep-th].
24
3 P. Horˇava, Quantum Gravity at a Lifshitz Point, Phys. Rev. D 79, 084008 (2009)
[arXiv:0901.3775 [hep-th]].
4 S. Pal, Anisotropic gravity solutions in AdS/CFT, [arXiv:0901.0599 [hep-th]].
5 M. Visser, Lorentz symmetry breaking as a quantum field theory Regula-
tor,Phys.Rev.D80:025011,2009 [arXiv:0902.0590 [hep-th]]
6 H. Nastase, On IR solutions in Horˇava gravity theories,[arXiv:0904.3604 [hep-th]].
7 E. Kiritsis and G. Kofinas, Horˇava-Lifshitz cosmology,Nucl.Phys.B821:467-
480,2009[arXiv:0904.1334 [hep-th]].
8 T. Takahashi and J. Soda, Phys.Rev.Lett.102:231301,2009[arXiv:0904.0554 [hep-th]]
9 G. Calcagni, JHEP 0909,112(2009)[arXiv:0904.0829 [hep-th]]
10 H. Lu, J. Mei and C. N. Pope, Phys.Rev.Lett.103:091301,2009 [arXiv:0904.1595 [hep-th]]
11 R. Brandenberger,[arXiv:0904.2835 [hep-th]]
12 E. N. Saridakis, Eur. Phys. J. C67:229-235,2010 [arXiv:0905.3532 [hep-th]]
13 B. Chen and Qing-Guo Huang,Phys.Lett.B683:108-113,2010 [arXiv:0904.4565 [hep-th]]
14 C. Germani, A. Kehagias and K. Sfetsos, JHEP09(2009)060 [arXiv:0906.1201v4 [hep-th]]
15 C. Charmousis, G. Niz, A. Padilla and P. M. Saffin,JHEP 0908,070 (2009) [arXiv:0905.2579
[hep-th]]
16 Yun Soo Myung and Yong-Wan Kim ,version to appear in EPJC [arXiv:0905.0179 [hep-th]]
17 Shinji Mukohyama. JCAP 0906, 001, 2009, [arXiv:0904.2190 [hep-th]]
18 Shinji Mukohyama , Kazunori Nakayama, Fuminobu Takahashi, Shuichiro Yokoyama,Phys.Lett.
B 679,6 (2009) [arXiv:0905.0055 [hep-th]]
19 Rong-Gen Caia,Li-Ming Caob and Nobuyoshi Ohta.Phys. Rev. D 80, 024003 (2009),
[arXiv:0904.3670 [hep-th]]
20 M. R. Setare, and Mubasher Jami, JCAP02(2010)010 [arXiv:1001.1251[hep-th]]
21 A. Azadi, D.Momeni, M.Nouri Zonoz.Phys. Lett. B., 670 (2008)
22 D.Momeni,H. Gholizade, A note on constant curvature solutions in cylindrically symmetric
metric f(R) Gravity, International Journal of Modern Physics D Vol. 18, No. 11 (2009) 1719-
1729
23 D.Momeni, H. Miraghaei, Exact solution for the massless Cylindrically Symmetric Scalar Field
in General Relativity, with Cosmological Constant, International Journal of Modern Physics A
Vol. 24, No. 31 (2009) 5991-6000
25
24 T. P. Sotiriou, M. Visser and S. Weinfurtner, Quantum gravity without Lorentz invariance,JHEP
0910:033,2009[arXiv:0905.2798 [hep-th]].
25 Clarke, Frank H. Calculus of Variations and Optimal Control Lecture Notes. UBC. 1979.
Young, L.C. Lectures on the Calculus of Variations and Optimal Control Theory. New York:
Chelsea, 1980.
26 H. Stephani, D. Kramer, M. A. H. MacCallum, C. Hoenselaers and E. Herlt , Exact Solutions
of Einsteins Field Equations, Second edition, CUP (2003)
27 Q. Tian, Phys. Rev. D 33, 3549 (1986)
28 J. Krishna Rao, Curr. Sci., t. 32, 1963, p. 350.
29 J. Krishna Rao, Proc. Nat. Inst. Sci. India, A, t. 30, 1964, p. 439
30 T. P. Sotiriou, M. Visser and S. Weinfurtner, Phenomenologically viable Lorentz-violating quan-
tum gravity[arXiv:0904.4464 [hep-th]].
31 R.L. Arnowitt, S. Deser and C.W. Misner, The dynamics of general relativity, Gravitation:
an introduction to current research, Louis Witten ed. (Wiley 1962),chapter 7, pp 227-265,
[arXiv:gr-qc/0405109].
32 M. B. Cantcheff, N. E. Grandi and Mauricio Sturla, Wormhole solutions to Horava gravity,
[arXiv:0906.0582 [hep-th]].
33 M. I. Park, The Black Hole and Cosmological Solutions in IR modified Horˇava Gravity, JHEP
0909:123,2009[arXiv:0905.4480 [hep-th]].
34 Anzhong Wang and Yumei Wu, Thermodynamics and classification of cosmological models in
the Horˇava-Lifshitz theory of gravity, JCAP07(2009)012 [arXiv:0905.4117 [hep-th]].
35 M. Minamitsuji, Classification of cosmology with arbitrary matter in the Horˇava-Lifshitz
theory,Phys.Lett.B684:194-198,2010 [arXiv:0905.3892 [hep-th]].
36 J. Chen and Y. Wang, Timelike Geodesic Motion in Horˇava-Lifshitz Spacetime, Int. J. Mod.
Phys. A 25 2010 1439[arXiv:0905.2786 [hep-th]].
37 S. Mukohyama, Dark matter as integration constant in Horˇava-Lifshitz gravity, Phys.Rev. D
80,064006(2009)[ arXiv:0905.3563 [hep-th]].
38 E. N. Saridakis, Horˇava-Lifshitz Dark Energy, Eur. Phys. J. C67:229-235,2010 [arXiv:0905.3532
[hep-th]].
39 S. Chen and J. Jing, Strong field gravitational lensing in the deformed Horˇava-Lifshitz black
hole, Phys.Rev.D80:024036,2009 [arXiv:0905.2055[hep-th]].
26
40 Table of Integrals Series and Products, Gradshteyn and Ryzhik
Handbook of Mathematical Functions, edited by Abramowitz and Stegun
41 M. Banados, C. Teitelboim and J. Zanelli, Phys. Rev. D 49, 975 (1994) [arXiv:gr-qc/9307033].
42 A. Vilenkin and E. P. S. Shellard, Cosmic strings and other topological defects, Cambridge
University Press (1994)
43 M. Anderson, The mathematical theory of cosmic strings, IOP (2003)
44 Qiang Wu, Yungui Gong and Anzhong Wang , Brane cosmology in the Horˇava-Witten heterotic
M-theory on S1/Z2, JCAP06(2009)015
45 Tatsuo Azeyanagia, Wei Lib and Tadashi Takayanagia, On string theory duals of Lifshitz-like
fixed points, JHEP06(2009)084
46 R.B. Mann, Lifshitz topological black holes, JHEP06(2009)075
47 Kazuhiro Yamamoto , Tsutomu Kobayashi and Gen Nakamura , Breaking the scale invariance
of the primordial power spectrum in Horˇ ava-Lifshitz Cosmology [arXiv:0907.1549 [gr-qc]].
48 Vilenkin A ,Gravitational field of vacuum domain walls and strings , Phys. Rev. D 23 (1981)852.
49 Gott J R , Gravitational lensing effects of vacuum string: exact results , Astrophys. J. 288(1985)
422
50 Hiscock WA ,Exact gravitational field of a string , Phys. Rev. D 31(1985) 3288
51 Gott J R and Alpert M , General relativity in (2 + 1)-dimensional spacetime, Gen. Rel. Grav.
16(1984) 243
52 Linet B , The static metrics with cylindrical symmetry describing a model of cosmic strings,
Gen. Rel. Grav. 17 (1985)1109
53 Hindmarsh M and Wray A , Gravitational effects of line sources and the zero-width limit, Phys.
Lett. B 251 498(1990)
54 Linet B , Force on a charge in the space-time of a cosmic string, Phys. Rev. D 33(1986) 1833
55 Helliwell TMand Konkowski D A , Vacuum fluctuations outside cosmic strings, Phys. Rev. D
34 (1986)1918
56 Dowker J S ,Casimir effect around a cone, Phys. Rev. D 36 (1987)3095
57 Davies P C W and Sahni V , Quantum gravitational effects near cosmic strings, Class. Quantum
Gravity. 51.(1988)
58 Gal’tsov D V ,Are cosmic strings gravitationally sterile?, Fortschrift Physik 38 945.(1990)
59 Aryal M, Ford L H and Vilenkin A ,Cosmic strings and black holes, Phys. Rev. D 34 2263.(1986)
27
60 T. Levi-Civita, Rend. Acc. Lincei 27 (1917) 183.
61 D. Orlando and S. Reffert, On the Renormalizability of Horava-Lifshitz-type Gravities,Class.
Quant. Grav. 26, 155021(2009) [arXiv:0905.0301 [hep-th]].
62 S. Deser and Z. Yang, Is topologically massive gravity renormalizable?, Class. Quant. Grav. 7
(1990) 1603-1612.
63 Anzhong Wang, David Wands, Roy Maartens, Scalar field perturbations in Horava-Lifshitz cos-
mology, JCAP 1003:013,2010 [arXiv:0909.5167]
Anzhong Wang, Roy Maartens, Cosmological perturbations in Horava-Lifshitz theory without
detailed balance, Phys.Rev.D81:024009,2010 [arXiv:0907.1748]
L. Iorio, M.L. Ruggiero, Horava-Lifshitz gravity, extrasolar planets and the double pulsar,
[arXiv:0909.5355]
L. Iorio, M.L. Ruggiero, Horava-Lifshitz gravity and Solar System orbital motions,
[arXiv:0909.2562]
M. Li and Y. Pang, A Trouble with Horava-Lifshitz Gravity, JHEP 0908 (2009) 015
[arXiv:0905.2751 [hep-th]].
M. R. Setare , Interacting Dark Energy in Horava-Lifshitz Cosmology, [arXiv:0909.0456 ]
M.R.Setare,D.Momeni,Plane symmetric solutions in Horava-Lifshitz theory,: Int.J.Mod.Phys.D,
Vol. 19, No. 13 (2010) 2079-2094[arXiv:0911.1877 [hep-th]]
Yi-Fu Cai, Xinmin Zhang, Phys.Rev.D80(2009)043520. [arXiv:0906.3341 [astro-ph.CO]]
64 R.G.Cai, L.M.Cao and N.Ohta, Topological Black Holes in Horava-Lifshitz Gravity, Phys.Rev.
D 80(2009) 024003 [arXiv:0904.3670 [hep-th]]
R.G.Cai, L.M.Cao and N.Ohta, Thermodynamics of Black Holes in Horava-Lifshitz Gravity,
Phys. Lett. B 679(2009) 504 [arXiv:0905.0751 [hep-th]]
65 D. Blas,a O. Pujol‘asb and S. Sibiryakova, On the extra mode and inconsistency of Horˇava
gravity, JHEP10(2009)029
66 K.S. Stelle, Classical gravity with higher derivatives, Gen. Rel. Grav. 9 (1978) 353
67 N. Arkani-Hamed, H. Georgi and M.D.Schwartz, Effective field theory for massive gravitons
and gravity in theory space, Ann. Phys. 305 (2003) 96 [hep-th/0210184]
S.L. Dubovsky, Phases of massive gravity, JHEP 10 (2004) 076 [hep-th/0409124]
D. Blas, D. Comelli, F. Nesti and L.Pilo, Lorentz breaking massive gravity in curved space,
Phys. Rev. D 80 (2009) 044025 [arXiv:0905.1699]]
28
68 C. Charmousis, G. Niz, A. Padilla and P.M. Saffin, Strong coupling in Horˇava gravity, JHEP
08 (2009) 070 [arXiv:0905.2579] .
69 Y.-W. Kim, H.W. Lee and Y.S. Myung, Nonpropagation of scalar in the deformed Horˇava-
Lifshitz gravity, Phys.Lett.B682:246-252,2009[arXiv:0905.3423].
70 X. Gao, Y. Wang, R. Brandenberger and A. Riotto, Cosmological perturbations in Horava-
Lifshitz gravity,Phys.Rev.D81:083508,2010 [arXiv:0905.3821].
71 M. Li and Y. Pang, A trouble with Horˇava-Lifshitz gravity, JHEP 0908:015,2009
[arXiv:0905.2751].
72 Lyra, G , Math, Z 54,52.(1951)
73 Reddy, D.R.K. , J. Phys. A. Math. Gen. 10, 55. (1977a)
Reddy, D.R.K., Aust. J. Phys. 30, 109. (1977b)
Reddy, D.R.K., Astrophys. Space. Sci.286, 365. (2003a)
Reddy, D.R.K. , Astrophys. Space. Sci. 286, 359. (2003b)
74 S.R.Roy , S.Narain, Indian journal of pure and applied mathematics. 14 (1), 96-107. (1983)
75 Misra, M., Radhakrishna, L. Proc. nat.Inst. Sci.India, A 28 (4),632-645(1962)
76 Reddy, D.R.K. and Innaiah, P., Prve. Einstein Found. Intern. 2, 9. (1985)
77 Reddy, D.R.K., Astrophys.Space. Sci. 140, 161. (1988)
78 Bera, K., J. Phys. A2, 138. (1969)
79 Sourish Dutta,Emmanuel N.Saridakis,Observational constraints on Horava-Lifshitz cosmol-
ogy,version published in JCAP[hep-th/0911.1435]
Sung-Soo Kim,Taekyung Kim,Yoonbai Kim,Surplus solid angle as an imprint of Horava-Lifshitz
gravity[hep-th/0907.3093]
Tiberiu Harko,Zoltan Kovacs,Francisco S.N.Lobo,Solar system tests of Horava-Lifshitz
gravity[hep-th/0908.2874]
Sourish Dutta,Emmanuel N.Saridakis,Overall observational constraints on the runnig parameter
λ of Horava-Lifshitz gravity , JCAP 1005:013,2010[hep-th/1002.3373]
80 C.Bogdanos,Emmanuel N.Saridakis,Pertubative instabilities in Horava gravity(To appear in
Class.Quant. Grav)[hep-th/0907.1636]
Kazuya Koyama,Frederico Arroja,Pathological behaviour of the scalar graviton in Horava-
Lifshitz gravity , JHEP1003:061,2010[hep-th/0910.1998]
81 Eoin O Colgain,Hossein Yavartanoo,Dyonic solution of Horava-Lifshitz gravity,JHEP
29
0908:021,2009[hep-th/0904.4357]
Ahmad Ghodsi,Toroidal solutions in Horava gravity[hep-th/0905.0836]
Ahmad Ghodsi,Ehsan Hatefi,Extremal rotating solutions in Horava
gravity,Phys.RevD.81.044016[hep-th/0906.1237]
Genly Leon,Emmanuel N.Saridakis,Phase-space analysis of Horava-Lifshitz cosmology,JCAP
0911:006,2009 [hep-th/0909.3571]
Puxun Wu,Hongwei Yu,Stability of the Einstein static universe in Horava-Lifshitz
gravity,Phys.Rev.D81:103522,2010[hep-th/0909.2821]
Yi-Fu Cai,Emmanuel N.Saridakis,Non-singular cosmology in a model of non-relativistic
gravity,JCAP 0910:020,2009[hep-th/0906.1789]
Inyong Cho,Gungwon Kang,Four dimensional string solutions in Horava-Lifshitz gravity[hep-
th/0909.3065]
Christian G. Boehmer,Francisco S.N.Lobo,Stability of the Einstein static universe in IR
modified Horava gravity[hep-th/0909.3986]
Yun-Song Piao,Primordial pertubations in Horava-Lifshitz cosmology,[hep-th/0904.4117]
82 Mubasher Jamil,Emmanuel N.Saridakis ,M.R.Setare,The generalized second law of thermody-
namics in Horava-Lifshitz cosmology, JCAP 11 (2010) 032[arXiv:1003.0876 [hep-th]]
83 A. Wang, Phys. Rev. D 72, 108501 (2005).
84 Solutions with Euclidean signature are asymptotically de Sitter and in qualitative agreement
with the CDT scenario. On the other hand, inhomogeneous scalar perturbations against the
classical background, generated by quantum fluctuations of an inflationary Lifshitz field, are
unable to yield a scale-invariant spectrum[9]
85 An illustration of this phenomenon is provided by theories of massive gravity where special care
is needed to make the additional degrees of freedom well-behaved [66]
86 This means that linerized theory breaks down in this limit, just as it does for the Chern-Simons
limit of Gauss-Bonnet gravity
87 Variational Bound
88 Γ(s) =
∫∞
0 e
−tts−1dt
30
